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(57) Abstract 

Methods and devices are proposed 
for handling a buffer (11) in packet ne- 
tworks are proposed, particularly in regard 
of loss and delay of packets. The packets are 
supposed to belong to predetermined or im- 
plicitly given loss priority classes and delay 
priority classes. When a packet arrives to the 
buffer (1 1) the class of the packet is deter- 
mined, both for loss and delay. For each 
loss priority class there is a predetermined 
threshold value (T b T Busy , T Idle , T 3 , T^ 
and the total filling level (M) of the buffer, 
i.e. the total number of packets stored, is 
compared to the threshold value of the 
loss priority class to which the received 
packet belongs. If said threshold value 
(Tit T Busy> Tidie, T 3> Tx) is larger than said 
filling level (M), the packet is buffered in 
order to be forwarded, and otherwise it is 
lost. In the determination if said packet is 
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to be buffered or lost the delay priority of the packet is not taken into account In the forwarding of packets from the buffer 
(1 1) those packets are chosen in the usual way, which belong to higher delay priority classes before packets belonging to 
lower delay priority classes, where this is performed in such a way that packets belonging to all delay priority classes can be 
warranted a specific minimum service level. It is achieved by associating each such class with a maximum time period, with- 
in which at least one packet of the delay class considered will be forwarded, if such a packet is available in the buffer (II). 
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METHODS AND DEVICES FOR PRIORITIZING IN HANDLING BUFFERS 

IN PACKET NETWORKS 

TECHNICAL FIELD 

The present invention is related to methods and devices for 
prioritizing procedures when handling buffers in packet 
networks, in particular methods and devices for loss 
prioritizing and delay prioritizing of data packets. 

BACKGROUND OF THE INVENTION 

in packet oriented networks, e.g. ATM (Asynchronous Transfer 
Mode), data packets or message packets, also called cells, are 
forwarded between different stations and in particular they pass 
through switch units or other units, where the arrived packets 
are forwarded. These transferring stations (most often switches) 
contain memories or buffers which store the packets before they 
are forwarded. However the buffers have limited capacities and 
thus in such systems some method is provided for eliminating 
certain data package for which there is no space in the buffers. 

in order to determine the packets which can be discarded when 
there is no room in a buffer, the data packets can be assigned 
loss priorities having different sizes. They are principally a 
number value indicating the importance of the packet, such that 
packets having low loss priorities can be eliminated before 
packets having higher loss priorities. 

in such networks it would also be advantageous to have a method 
by means of which the different data packets are forwarded in 
such a way that data packets having a high degree of urgency are 
forwarded m the first place and that data packets having a low 
degree of urgency in the second place. The degree of urgency can 
be indicated by assigning to the data packets delay priorities 
having different values which like the loss priorities are 
suitably chosen number values. In certain cases several levels 
having different delay priorities may be provided. The simplest 
type of queue handling is that first packets are forwarded 
having the highest priorities and after that, if there is no 
data packets left in the buffer for the highest priority, data 
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packets having l ow6 r priorities can be forwarded. A disadvantage 
in this procedure may be that usages having low priorities^ 
be allowed to weit too long i n the system before tLy art * 

forwarded. y 



Thus it would be desirable to have a method by »„„ g C f which it 
can be safeguarded, that also for data packet, having loT 

ZZIT* °' ^f 0rity 3 Certal " *» transfer 

thereof in the system is warranted. 

further it is advantageous to separate the above mentioned 

suT£at" l0S h S r l0Elty " ™ d " dBlay Pri ° ri ^" -ch"Ler. 
such that each data packet thus has both a certain loss priority 
and a certaxn delay priority. y 

PRIOR ART 

In the article "Overload control in a Finite Message storaoe 
Buffer", San-Qi Li m... storage 

37 No n Tractions on Communications, vol. 

limited .V"*" 1989 3 U aMly " d for »«- "ng a 

IT^ToZ ™ m0rV - *" ^ ""■ ~ W "32, lines 30 - 

levels I L P r' th<!re U 5 bUfIer hBVin ' * «d two 

levels L X , L 2 , where H s Lj s K. For filling levels below . 

ZLZlTLr alrays stored ' whlla Bhen tha ""^ ^ I- 

£7111- « « \ ?M l0W Cities are not stored but 

are discarded first when the rilling level 

" e ^carded having low priorities until the 
filling level has decreased to L,. Apparently also messages 
having high priorities must be discarded when the filling l.vel 

is equal to K. y Aevei 

in the European Patent Application ep-a 2 o 393 898 a device is 

different ^ "" *" ^ *«*~ 

different priority levels, with each priority level a 

corresponding threshold level is associated. When a packet 
the filling level exceeds the threshold level associated witt 
store?" 1 Z lBVel ° f ^ ^ 0thSrWl " «» *ata Packet^ 

^rth"": r^-devLn^tr: 110 81,3 of « 

lca whlch ma y b * a packet switch it is 
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impossible to also take • different delay priorities in the 
recexved packet into consideration, such that stored data 
packets having high delay priorities can be forwarded before 
packets having low delay priorities. 

in the documents US-A 5,062,106, US-A 4,942,569, US-A 4,864,460 
and EP-A2 0 368 569 packet switches are disclosed wherein data 
packets having low loss priorities are discarded before packets 
havxng high loss priorities. In these cases there is generally 
dxfferent memories for packets having different delay 
priorities. 

SUMMARY OF THE INVENTION 

According to the invention methods and devices are provided of 
the kxnd mentioned above, the detailed features of which appear 
xn the appended claims and by means of which the problems 
mentioned above may be solved and the needs mentioned above may 
be satisfied. * 

For a data packet which arrives to a node or a switch in a 
packet network it is assumed, that special information in regard 
of the handling of the packet is provided in the data packet 
such as in a particular header field inside the data packet ' 
Thxs xnformation can be explicitly indicated in a special 
priority field inside the header field or implicitly indicated 
by e.g. the channel number of the packet. The information is 
related to the manner in whioh the packet is to be handled both 
in regard of the priority level of the packet, for the case that 
the recexvxng buffer already is full, and in regard of the 
priority, with which the packet is to be forwarded in the case 
when xt has been stored in the buffer. For this suitable 
cxrcuits are provided reading this information in the packet. 
The xnformation is used in one place by logical circuits 
handling the message which possibly discard it for the case that 
the loss priority, which is indicated in the data packet or is 
valxd for the data packet, means, that the packet may be lost if 
the buffer is too full, other logical circuits perform the queue 
handlxng of the packets stored in the buffer and forward them in 
an order which is determined by the loss priority, in regard of 
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which the circuits get information from the packet itself. 

The packets to be stored are stored in a common buffer for all 
packets, e.g. in the succession order in which they are received 
or preferably in some suitable free place in the buffer. In each 
moment a certain filling level M can be determined indicating 
the number of packets being stored in the buffer. The buffer is 
provided with certain threshold values which are associated with 
the different priorities of the packets in regard of the loss 
thereof. The filling level is thus indicated for all stored 
packets totally. They can have different loss priorities and 
delay priorities. - 

In order to be able to know the places there the arrived data 
packets are stored in the buffer, logical queues are arranged. 
They are memory circuits looking after the places where the 
packets are located and thus contain the addresses to the 
packets. The packets belong to different delay priority classes 
which indicate the velocity or the priority with which the 
messages are to be sent from the buffer. The queue handling unit 
can then e.g. contain lists of addresses to packets having 
different delay priorities. 

The forwarding of messages may be performed, according to what 
has been discussed above, in such a way that always packets 
having the highest priorities are sent first until there are no 
packets having these priorities left in the buffer, and after 
that data packets having the next highest priority, etc. A 
possibility when two different delay priority classes are 
provided, is to arrange a certain least frequency for forwarding 
messages having a lower delay priority level, it can be 
performed, such that the logical circuits handling the 
forwarding take care that at least one message having the lower 
delay priority is forwarded during each time interval having a 
predetermined length, if such a packet is available for 
forwarding. 

By the separation described above of loss priorities and delay 
priorities with a common buffer for the data packets and logical 
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queues in the shape of address lists with addresses in a 
succession order corresponding to the arrival order of the 
packets, for the different delay priorities, a method is 
obtained for handling the buffer which is suitable for 
evaluation by means of mathematical methods and thus it has 
rather predictable properties. 

in the ATM networks a contract is established between the user 
of a connection and the network distributor during the coupling 
phase for establishing the connection. This contract specifies 
the properties of the data flow of the connection and a 
specified quality in regard of cell loss, delay and variation of 
the delay is also a part of», {J 

p rt °*said contract, it is therefore of a 

primary importance that the network operator can predict the 
quality of the links on which the connection is established. An 
estimation of the proportion of lost information is performed by 
applying queue theory and in order to satisfy the further 
requirement of a small time consumption for the establishment of 
the connection approximations are needed to the more accurate 
queue theories. The group of queue models, in which the 
information is managed at each instant when the queue is not 
empty, can be handled with modern queue theory, also for rather 
complicated arrival procedures. Queue models, in which the time 
periods, when the queue is not empty and no information is 
processed, are however in themselves difficult to analyze also 
for the simplest arrival procedures. With only one buffer for 
all data packets and different threshold values such an easily 
handled case is obtained with a continuous processing of the 
single queue formed by the buffer itself, while with queues for 
different delays, each one of which has threshold values for 
different loss priorities, queues having a low delay priority 
can remain not processed and thus a case is obtained which 
according to the above is difficult to analyze. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described as a not limiting exemplary 
embodiment with reference to the accompanying drawings wherein 
- Fig. i schematically shows a network for the transfer of data 
packets, 
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- Pig. 2 schematically shows an embodiment of a unidirectional 
switch unit in such a network and having only output buffers, 

- Pig. 3 shows a more complicated embodiment of a unidirectional 
switch unit having both input buffers and output buffers, 

- Fig. 4 shows a block diagram of the handling of the buffer in 
such a switch unit, and 

- Figs. 5-9 show flow diagrams for various subprocedures for 
storing and forwarding. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

In Pig. l a net is illustrated for the forwarding of packets 
from source terminals l to destination terminals 3. On their way 
between the source and the destination the data packets pass 
switch stations 5 having a number of input lines 7 and output 
lines 9. in the switch units 5 in the usual way a transfer of a 
data packet or a message is performed to a selected output. 

In Fig. 2 a switch unit 5 is schematically shown. It contains in 
addition to many other functions circuits for the transfer of a 
data packet from an input line 7 to an output line 9, where the 
output line valid for this packet e.g. in some way can be 
derived from information contained in the data packet by means 
of some kind of address therein. Before the data packet can be 
forwarded from the unit 5, it is stored in an output buffer 11 
for each output line and the handling of the data packet at its 
arrival to the output buffer 11 and when it is forwarded from 
the buffer and thus from the switch unit 5 as a whole is 
performed by particular circuits according to the invention. 

A type of switch unit, which is described in the US Patent 
Application 07/990,511, filed December 15, 1992 for Ljungberg et 
al., is schematically illustrated in Fig. 3 . The switch 
comprises input buffers 301, to which incoming lines or links 
303 are connected. Packets arriving to the switch are first 
intermediately stored first in these input buffers 301. On the 
output lines of the buffers 301 throttle devices 305 are 
arranged controlling the flow of data packets from the buffers 
to a switch core 307, in which data packets are transferred to 
the intended output lines. At the output lines the packets are 
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intermediately stored a second time in output buffers 309, 

l^r^o ey , are fGrWarded fr °* the on outgoing lines or 

links 310. A control signal, indicated with an arrow 311, is 
supplied to the throttle devices 305 from the output buffers 
309. The administration of the reading into and from each 
buffer, both the input buffers 301 and the output buffers 309, 
m regard of loss of data packets and the forwarding from the 
buffer with consideration of the varying degree of urgency of 
the data packets as to the delay in the transfer of packet 
through the network and in particular through the switch, can be 
performed by particular circuits according to the invention. 

The detailed construction and function of these particular 
cxrcuits appear from Pig. 4 , On an input line 13 a data packet 
arrives. In the block 15 is information taken from the packet in 
regard of the priority which data packet has as to a possible 
loss. This information, e.g. in the shape of one or several 
priority bits or binary digits, i s transferred to discarding 
logic 17, which performs the logical choice if the packet is to 
be stored or possibly be discarded. 

in order to perform it the discarding logic first determines the 
class, to which the packet belongs in respect of this type of 
priority. The belonging to a class may be indicated either 
explicitly or implicitly. In the explicit case the loss priority 
class is directly indicated inside the packet, e.g. in a header 
field therein. An implicitly indicated loss priority class can 
be obtained from the knowledge of the channel to which the 
packet belongs. A number of different such priority class may be 
provided, e.g. class i, class 2 and h with hysteresis, class 3, 
class 4, class 9 and class L. The latter class has the 

lowest priority in regard of a possible loss for storing in the 
buffer 11. 

To each class generally only one threshold value is associated 
like T lf T 3 , T 4 , ... and T L . For all classes except the class 
with hysteresis said threshold values indicate a filling level 
m the buffer 11, over which messages belonging to the 
respective class not will be stored in the buffer but simply 
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neglected or discarded. For the highest priority class 1 the 
threshold value T x obviously is equal to the highest possible 
filling level of the buffer - 



For messages belonging to the hysteresis class h the discarding 
procedure is somewhat more complicated. For this class there are 
two threshold values T Busy and T Idle , where T Busy is larger than 
T Idle . When data packets having this priority class are 
received, they are stored in the buffer until the threshold 
value T Busy has been reached. Then no more packets are stored 
belonging to this priority class until the filling level in the 
buffer 11 is lower than the low threshold value T Idle . 

The discarding logic 17 also reads the present filling level M 
in the buffer 11, i.e. the total number of data packets which 
exactly at this instance are stored in the buffer. By means of 
this information the discarding logic 17 then determines, if the 
message is to be stored in the buffer and in such a case sends a 
message thereof to the block 15, which then will forward the 
information to a block 19. 



The data packets which are to be stored in the buffer are 
further read in next block 19 and from the packet information is 
obtained in respect of the delay priority which has been 
assigned to the packet. Thus there can be different delay 
classes l, 2, 3, etc, arranged in an order, such that packets 
belonging to the delay class l will enjoy the least delay, 
packets belonging to the class 2 more delay, i.e. are to be 
forwarded in the second place, etc. The queue arranging logic 21 
thus registers the delay priority number of the packet and 
further places the address of this data packet in the buffer in 
address lists in a queue memory 23. a number of logical queues 
are formed in this way, while the data packets in the buffer 11 
actually are stored in an arbitrary order. In order to get 
access to the address at which the present packet is to be 
stored, e.g. information of the address to a free place in the 
buffer is fetched to the queue arranging logic from a special 
list arranged within the queue memory 23 . 
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Packets are forwarded with a certain frequency from the buffer 
and « order to handle the order, in which the data packets are 
to be sent, forwarding logic 25 is arranged. The forwarding 
logic 25 thus determines the logical queue, from which the next 
data packet is to be forwarded. It is performed by the 
forwarding logic by checking in the simplest way if there is any 
packet « the queue i or Qj> having the highest delay priority 
and if such a packet is there, it is to be sent, if there is no 
such packet, it is checked if the queue q 2 contains any data 
packet which is to be sent. If there is such a data packet, it 
13 forwarded " there is none, the queue q 3 is checked in 
the same way, etc. 

When the forwarding logic 25 has determined the packet, which is 
to be forwarded, or more correctly the queue, from which it is 
to be taken, the corresponding address is obtained from this 
queue and the number of packets in this queue is reduced by 1 
The forwarding logic then transfer the address of this data 
packet which is to be sent to a block 27, which sends the 
address to the buffer 11. The corresponding data packet is 
fetched from the buffer and is sent to a forwarding unit 29 from 
which the data packet is forwarded. From the forwarding unit 29 
data packets are in this way forwarded at regular time intervals 
At to the output line 9. 

When the packet is fetched from the buffer, the filling level M 
is also reduced by i and the address of the packet is eliminated 
from the respective queue and is written into the list of 
addresses to free places in the buffer. 

The procedural methods illustrated with reference to Fig. 4 will 
also be explained by means of a description in pseudocode. By 
means of the pseudocode the procedures may be easily carried out 
by means of hardware or software. In the pseudocode description 
it xs supposed that the number of priority levels or priority 
classes in regard of loss of packets is L and that the number of 
delay priority levels, delay priority classes or logical queues 
is D. 
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The procedural methods can be divided into different procedures 
which are executed in parallel inside the processor. The 
discarding logic 17 corresponds to a procedure Discard_Logic and 
it thus handles the prioritizing as to a possible loss of the 
data packet. The filling level M corresponds to a variable 
Queue_Length. CLP indicates the information of loss priority 
class which is obtained explicitly or implicitly from the 
received data packet • 

Process Discard_Logic 
State Idle 
begin 

repeat 

await (arrival of cell) 

case of CLP = L then 

begin 

if QueueJLength > T L then 

"Discard the received cell" 

else 

"Buffer the received cell" 
Queue_Length := Queue_Length + 1 

end; 



case of CLP ~ 3 then 
begin 

if Queue Length > T 3 then 

"Discard the received cell" 

else 

"Buffer the received cell" 
Queue_Length := Queue_Length + l 

end; 

case of CLP = 2 then : Hysteresis 

begin 

if State - Busy then 

if Queue_Length < T IdLe then 
"Buffer the received cell" 
Queue_Length := Queue_Length + l 



WO 93/19551 



PCT/SE93/00237 



11 

else 

"Discard the received cell" 

else J _ 

: State = idle 

if Queue_Length > T Busy then 

"Discard the received cell" 

else 

"Buffer the received cell" 
Queue_Length := Queue_Length + l 

end; 

case of CLP = i then : Highest loss priority 

begin ?T X - maximal number of 

if Queue_Length > T]L then : cells in buffer 

"Discard the received cell" 

else 

"Buffer the received cell" 
Queue_Length := Queue_Length + l 

end; 

if Queue_Length > T Busy then 
State := Busy 

forever 

end; 



This procedure is illustrated in the flow diagram in Fig. 5. It 
starts in a start block 501, after which in a block 503 a 
variable "State", which is needed for handling the delay 
priority class 2 or h with hysteresis, is set to a constant - 
"Idle". After this the procedure waits in a block 505 that a new 
packet or cell will arrive. The arrival of a new cell is 
detected in a block 505 and when a cell has arrived, in a block 
507 the loss priority of this cell is determined, the value of 
which is given by the variable CLP. Then in a block 509 the loss 
priority value CLP is tested against the different possible 
values thereof. 

If CLP has the value »L» (the lowest loss priority) , it is 
determined in a block sn, if the filling level M in the common 
buffer is larger than t l . If it is true, the cell is discarded 
in the block 513, after which the procedure returns to the block 
505 to await the arrival of a new cell, if it in the block 511 
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instead was determined that the filling level M is smaller than 
the corresponding threshold value T L , the cell is stored in the 
common buffer in the block 515 and the filling level is 
incremented in the block 517. when thus a cell is stored in the 
buffer, it is tested in the block 519, if the filling level M 
now has passed the upper limit T Busy for the delay priority 
class 2 or h with hysteresis. If this is the case, in a block 
521 the variable "state" is set to the value "Busy". Then the 
procedure returns to the block 505 to await the arrival of a new 
cell. 



If it was determined instead in the block 509, that CLP has the 
value 3 , it is tested in a block 523 whether the filling level M 
in the common buffer is larger than the associated threshold 
value T 3 . If it is true, the cell is discarded as above in the 
block 513 , after which the procedure returns to the block 505 to 
await the arrival of a new cell. If it was determined instead in 
the block 523, the filling level m is smaller than T 3 , the 
procedure continues as above to the block 515 for the storing of 
the cell in the common buffer, after which the procedure is 
continued as above after the block 515. 

If it in the block 509 was determined instead, that CLP has the 
value 2, which means that the cell belongs to the delay priority 
class h with hysteresis, it is tested in a block 525, if the 
variable "State" has the value "Idle". If it is true, it is 
determined in a block 527 if the filling level M of the buffer 
is larger than the upper threshold value T fi for this class. 
If the filling level is larger than the threshold value, then 
the cell is to be discarded and the procedure proceeds to the 
block 513 as above, if the filling level is lower than T„ 
instead the cell is to be stored and then the procedure 
continues to the block 515 as above. If it was decided instead 
in the block 525 that the variable "State" has not the value 
"Idle" (it has then the value "Busy"}, it is determined in a 
block 529 if the filling level is lower than the low threshold 
value T Idle . if it is not the case, the cell is to be discarded 
and the procedure continues as above to the block 513. Otherwise 
the cell is to be stored and the procedure continues to the 
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block 515 as above. 

If it was decided in the block 509 instead that CLP has the 
value l, i.e. that the cell has the highest priority and thus 
desirably should not be lost, it is determined in a block 531 
whether the filling le vel M in the common buffer is larger than 
the associated threshold value t x . If it is true, the cell must 
be discarded and the procedure then continues as above to the 
block 513. Otherwise the cell is to be stored in the common 
buffer and the procedure continues as above to the block 515. 

Further there is a. procedure Receive which performs the queue 
arranging logic 21. DP here indicates the information in regard 
of the delay class of the priority. This process corresponds to 
the block 515 of Fig. 5. 

Process Receive 
begin 

repeat 

await (Request of Buffering of cell from Discard_Logic) 
"write cell into Buf f er_Element" 
case DP m 1 then 

"link Buffer_Element to Queuel" 
case DP = 2 then 

"link Buffer Element to Queue2" 



forever 
end; 



case DP = D then 

"link Buffer_Element to QueueD" 



The corresponding flow diagram is illustrated in Fig. 6 and 
there, in a block 601 it is awaited that a cell is to be stored. 
In a block 602 a signal is received and detected from the 
procedure Discard_Logic described above that the cell is ready 
to be stored. When thus a cell is to be stored in the common 
buffer, it is determined in a block 603 the value DP which 
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indicates the delay priority of the cell. After that the cell is 
stored in the common buffer in the block 607. Then the value DP 
is tested in a block 607 in respect of its different possible 
values, if thus DP has the value 1, in a block 60* the stored 
cell is linked to the corresponding queue number l, by storing 
the address of the cell last in this queue. Then it is again 
awaited in the block 609 that a new cell is to be stored. If it 
was determined in the block 607 that DP has the value 2, in a 
block 611 the stored cell is linked as above to queue No. 2 
after which the procedure continues to the block 601 and waits 
for a new cell to store, it is performed in the same way for all 
queues and at last it is tested in the block 607 whether DP has 
the value D. if it is the case, as above in a block 613 the 
stored cell is linked to queue No. D, after which the procedure 
continues to the block 601 waiting for a new cell to store. 

The procedure Scani corresponds substantially to the forwarding 
logic 25 described above and it forwards a packet with a time 
interval At, which thus is the transmission time of a cell or a 
packet. The pseudo code thereof is: 

Process Scani 
begin 

repeat 

wait (Timeinterval At) 
if Queue l not empty then 

"Send cell from queue l " 
else if Queue2 not empty then 
"Send cell from queue 2" 



else if QueueD not empty , then 
"Send cell from queue D" 

forever 

end; 

The corresponding flow diagram is shown in Pig. 7 . Here in a 
block 701 is awaited, that a signal will arrive to indicate, 
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that the time At has elapsed fro, the next earlier execution - 
the procedure. A signal thereof is received and detected i„V 
bloc, 70 2 when the signal is detected and the t^e ltlhus has 

-pT Wo t 703 " is deterained wheth « — ^ 

empty, if lt ls not the case, a cell can be forwarded from this 
queue and it is performed in a block 705, after which 
procedure continues to the block 701 to await that the tLe At 

queue No 1 13 empty, it is tested in a block 707, if No 
2 is empty. « it is not true, the procedure continues to" 
block 709 and there forwards a cell from queue Ho. 2. Then the 
procedure continues as above to the block 701 to await that^e 
time At has elapsed. If it is decided instead in ^ t >l t£? 7 T 
that ,ueue No. 2 is empty, this procedure is repeated for the 
next queue in the same way. rf all earlier queues have proved to 

aL^the'l" 1 : Pr ° MdU " C ° ntinUeS t0 ' " lOC * 711 *• 

No D in hi 9U * Ue "°- ° 13 « «»«. is a cell i„ queue 

No' n\ V f 7 " " Waitin9 f " itS *™ i» the queue 

Ho. D ls forwarded. Then the procedure continues as abov.^o the 
block 701 to await that the time At has elapsed. 

The procedure Drain_Queue reduces the filling leV el M, which in 
the various procedures is naii^ ^ , in 

ored^SnJ oceaure s is called Queue_Length, by one after each 

t lnterVal At * " *B quite in 

if tnelro: ^ ^ ^ * 1S ° C °^*** *-ein 

if the processing times are sufficiently small. 

Process Drain_Queue 
begin 

repeat 

wait (Timeinterval At) 
if Queue_Length > o then 

Queue_Length := Queue_Length - i 
if Queue Length < T Jdle then 
State := idle 

forever 

end; 

The corresponding flow diagram is shown in Fig. 9. H ere is 
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awaited, as in the process Scanl, in a block 901, that a time 
sxgnal will be received, indicating that the time interval At 
has elapsed, and it is detected a block 902. When thus the time 
sxgnal xs detected, it is determined in a block 903, whether the 
buffer xs not empty, i.e. if M > l. if the buffer is empty, the 

f 1 CamK,t bS redUCed *** ^ Proortur. continues 

to the block 901. If it is decided in the block 903 instead that 
there are cells in the common buffer, the filling level is 
reduced in the block 905. After that it is decided in a block 
907 xf the filling level has decreased below the lower 
hysteresis level T rdle . r f ^ filling level ±g decreasing ^ 
thxs condition is satisfied, the hysteresis state .-state" is to 
be changed to -idle" and it is performed in a block 909. After " 
that the procedure continues to awaiting a new time signal in 
the block 901. if it was decided in the block 907, that the 
f xlling level was not lower than T Idle , the procedure also 
continues to the block 901 to await a new time signal. 

Further there is an alternative to the forwarding logic 
described above and therefor there is a process Scan2, which is 
shown when there is only two logical queues Ql and Q 2 for the 
data packets. ^ 

Process Scan2 ^ 
begin 

repeat 

wait (Timeinterval At) 
if Interval > t then 
Interval : = o 
if Queue2 not empty then 

"send cell from Queue2 n 
else if Queuel not empty then 
"send cell from Queuel" 

else 

if Queuel not empty then 

"send cell from Queuel » 
Interval : = interval + Increment 

else 

Interval o 
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forever 

end; 



if Queue2 not empty then 

"send cell from Queue2" 



^ntetvLT S ° an2 " iS l0 ° kei after «»* -* ti»e 

fro^H lM,9th T St lMEt ° na ale » ent is forwarded 

« « ; I " Perf0rBBd h * the ««* that the forwarding logic 
25 at each forwarding instance checks whether the time period 
"interval- from the time when a packet from the queue „* was 
l«t folded, is larger than T and if it is true and £he oueue 
Q 2 i. not empty, a packet is forwarded from this low prioritized 
queue, otherwise packets are forwarded from the higher 
prioritized queue Ql . If instead the time interval -Interval" is 
not larger than T, packets are sent from the queue having the 

suitable 0 ^ 3 '" 1 intSrVal " Inte -» 1 " 1- incremented by a 
suitable entity, if the queue Ql in this latter case is empty, 
the variable "Interval" U set to 0 and the queue Q 2 is 
serviced. 2 

The corresponding flow diagram is shown in Pig. 8. As in the 
procedure Scam in blocks 801 and 802 respectively the time 
signal xs awaited and detected that the time period At has 
elapsed. When a signal thereof is detected, it is decided in a 
block 803 whether the time interval ..Interval" is larger than 

TlT e t ^ tiBS ^ T * " At 13 d * Cid ** to th. case, 
a P--bxlity wxll be offered to forward a cell from queue No. 

lloTsot Varlable " Inte - alW is - «»t set equal to zero in a 
block 805, sxnce now the queue No. 2 is being serviced. After 
that xt xs tested in a block 807 whether queue No. 2 is empty. 
If thxs proves to be the case, no cell can be forwarded from 
queue No. 2 and therefore the procedure continues to a block 809 
in order to examine, if queU e No. 1 is empty, if it is true, 
there xs no cell to forward and the procedure returns to the 
block 801 to await a new time signal, if q ueU e No. i is not 
empty instead a cell is sent from this queue in a block 811 and 
then the procedure continues again to the block 801. 
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If it: resulted in the block 807, that queue No. 2 is not empty, 
a cell is forwarded from this queue in a block 813, after which 
the procedure returns to the block 801. 

Xf it was decided instead in block 803 that the time -Interval- 
had not elapsed, i.e. it was not larger than T, principally the 
procedure Scanl described above is to be executed and then the 
procedure continues to a block 815 in order to test if queue No. 
i x. empty, if it is not the case, a cell can be forwarded from 
this queue and it is performed in a block 817. After that the 
variable "Interval" is incremented in the block 819, after which 
the procedure returns to waiting in the.block 801. If it instead 
was decided in the block 815, that queue No. i is empty, queue 
No. 2 will then be offered a possibility to forward a cell. 
Therefore the variable -Interval" is then set to zero in a block 
821, after which it is determined in a block 823 whether queue 
No. 2 also is empty, if this condition is satisfied, the 
condition returns to the waiting state in the block 801 as 
above. Otherwise a cell can be sent from queue No. 2 and it is 
executed in a block 825. After this the procedure returns to 
waxtxng for a new time signal in the block 801. 

The invention can be modified in many ways as is obvious to one 
skxlled in the art. All these modifications are comprised by the 
xnvention, however, the scope of which is set out by the 
appended claims. 
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CLAIMS 



1. A method for handling in a packet network a buffer, in which 



^eatT^ bel ° ngln9 t0 a = art ^» 1— Priority class and at 
least two loss priority classes being arranged and 

at C L~f f b6l ° n9ln ' to • ~t^» a.lay priority class and 

at least two delay priority classes being arranged, the delay 
priority dasses being intended to give different delays for tb- 
packets belonging to said classes, such that longer delays are 
allowed for packets belonging to delay priority classes having a 
lower delay priority, naving a 

for each arrived packet the following steps being performed 

b If I^IV* ** °* the packet is determined, 

b) lt is determined if the present total number of packets 
stored » the buffer is smaller than a threshoid vaLe 
associated with the loss priority class of the packet, 

c) it the determination in b, gives the answer yes, the packet 

dis::rj, in the bu " er ana * - - ~ - t 



characterized in 



that for each incoming packet also the delay priority class of 
the packet is determined and 

that in the forwarding of pac kets fro* the buffer packets are 
chosen belongxng to a higher delay priority class before packets 
belongxng to a lower delay priority class. 

2. A method for handling in a packet network a buffer, in which 
the packets are stored before they are forwarded, in particular 
in a switch device, particular 

each packet belonging to a certain loss priority class and at 
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least two loss priority classes being arranged and 

each packet also belonging to a certain delay priority class and 
at least two delay priority classes being arranged, the delay 
prxority classes being intended to give different delays for the 
packets belonging to said classes, such that longer delays are 
allowed for packets belonging to delay priority classes having a 
lower delay priority, 

for each arrived packet the following steps being performed 

a) the loss priority class of the packet is determined, 

b) it is determined if the present total number of packets 
stored in the buffer is smaller than a threshold value 
associated with the loss priority class of the packet 

c) if the determination in b) gives the answer yes, the packet 
is stored in the buffer and otherwise it is not stored and is 
discarded, 

characterized in 

that for each incoming packet also the delay priority class of 
the packet is determined and 

that in the forwarding of packets from the buffer packets are 
chosen belonging to a higher delay priority class before packets 
belonging to a lower delay priority class with the further 
condition that with each lower delay priority class time 
intervals having predetermined length are associated, such that 
instead of a packet from a higher delay priority class a packet 
is chosen from a lower delay priority class, if no packet from 
the lower delay priority class has been sent during the time 
xnterval having the predetermined length associated with the 
delay priority class thereof and if such a packet is available. 

3 A device for handling in a packet network a buffer, in which 
the packets are stored before they are forwarded, in particular 

xn a switch device , 

each packet baloncfina to a certain loss priority class, at least 
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two loss priority classes b8tng arr(m , ad ^ a 
being associated with each loss priority class, 

aTleastT ^ t0 a — Y Priority class and 

«i£f T ^ Prl ° rity ela " M bei "« ranged, the delay 
priority classes being intended to allow different delays for 

Trl allow I f ^ ^ ela88eS ' «»* longer a elayB 

hlvin' T bel ° nging t0 * ala * masses 

having a lower delay priority, 

the device comprising 

- an input on which the packets arrive, 

- a memory or a buffer, 

- an output on which the packets are forwarded, 

buffer^ Unit . f ° r deter * inin * P-<*«f to be stored in the 

buffer comprising 

a) means for determining the loss priority class of an arrived 

b) means for determining if the present total number of packets 

w^hlh "lof bUffer ^ 1688 ^ n - —hold value Ls^ed 
wxth the loss prxorxty class of the arrived packet and for 

forwardxng, xn the case that this condition is satisfied, a 
sxgnal thereof to 

c) means for storing the arrived packet in the buffer, 
characterized in 

that the logic unit also comprises 

d) means for determining for each arrived packet also the delay 
prxorxty class of the packet and 

that another logic unit is arranged for determining the packet 
which is to be sent from the buffer comprising 

means for choosing packets belonging to a higher delay priority 
class before packets belonging to a lower delay priority class 
and for transferring the selected packet to the output for 
forwarding. 
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^ device for handling in a packet network a buffer, in which 

£7S£ Z£T* before ^ are forwarded ' " particular 

each packet beionging to a certain loss priority class, at least 
two loss priority classes being arranged and a threshold value 
being associated with each loss priority class, 

each packet also belonging to a certain delay priority class and 
at least two delay priority classes being arranged, the delay 
priority classes being intended to allow different delays for 
the packets belonging to said classes, such that longer delays 
are allowed for packets belonging to delay priority classes 
haying a lower delay priority, 

the device comprising 

- an input on which, the packets arrive, 

- a memory or a buffer, 

- an output on which the packets are forwarded, 

^T^ifT determinin9 pioket - to - — * «- 

a) means for determining the loss priority das, of an arrlvaa 

pacKet, 

sL-d"!^ TZ**" " «» *«sent total number of packets 

L , ±S *" *»» value associated 

wth the loss priority class of the arrived packet and for 
forwarding, in the case that this condition is satisfied, a 
sxgnal thereof to 

c) means for storing the arrived packet in the buffer, 
characterized in 

that the logic unit also comprises 

d, means for determining for each arrived packet also the delay 
priority class of the packet and 

2T^TT, l0 * LC ±S ma9ma t0r d ^ermining the packet 

which xs to be sent from the buffer comprising 
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.7 M Ch ° OSing * aCkets belonging to a higher delay priority 

7\T C ^ S belon9in9 to a lower dela * oimJ 

with the further condition that each lower delay priority class 
such^at^^ 11 ±nterValS ***** P-^er^ined lengths, 

ITi ° f 3 PaCkSt fr ° m a high6r dela ^ * rio ^ class 

a packet is chosen from a lower delay priority class if no 

packet from the low delay priority class has been forwarded 
during the time interval with the predetermined length 
associated with the delay priority class thereof and if such a 
packet is available, and 



means for transferring a chosen packet to the output for 
forwarding. 

5 A method for handling i„ a packet network a buffer, in which 
the data packets are stored before they are forwarded, each 
packet belonging to a certain one of at least two delay priority 
classes characterized in that in the forwarding of packets from 
the buffer packets are chosen belonging to a higher delay 
prxority class before packets belonging to a lower priority 
class with the further condition that each lower delay priority 
class is associated with time intervals having predetermined 
lengths, such that instead of a packet from a higher delay 
prxorxty class a packet is chosen from a lower delay priority 
class, if no packet from the lower delay priority class has been 
sent during the time interval having the predetermined length 
associated with the delay priority class thereof and if such a 
packet is available. 

6. A device for handling in a packet network a buffer, in which 
the packets are stored before they are forwarded, each packet 
belonging to a certain one of at least two delay priority 
classes , comprising 

- an output on which the packets arrive, 

- a memory or a buffer, 

- an output on which the packets are forwarded from the buffer, 



characterized by 
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turn^! *** **«-*-•«« of the packet, which is in 

turn to be forwarded from the buffer, comprising 

!l~= w Ch °° Sin? belon ^ to a higher delay priority 

ciass before packets belonging to a lower delay priority olas! 
with the further condition that each low delay priority 0^ != 
associated with time intervals having predeterXeHen^ns' 

IZTJZ ZTJZll iZTr^l priority class - " no 

4-4 • y priorit y class has been sent durina 

the time interval having the predetermined length associate 

^laole^ PriOTity -— - « such a packet is 

ZZllZ"™^"* tte chosan tata — - ^ — «- 

Lo^Tr " C ° rain9 to clai » «. characterised by nemory neanB 

- h,^ PaEtetS WhiCh bllm? to ^ PriorL class 

end which are stored in the buffer. 

8. A device for handling in a packet network a buffer in which 
the. packets are stored before they are forwarded, eacH. packet 
belonging to a certain on. of at least two delay priority 
classes, comprising ^ 17 

- an output on vhich the packets arrive, 

- a memory or a buffer 

- an output on which the packets are forwarded from the buffer, 
characterized by 

ITS S.— - ZXZ — " - 

■cnese lists each one accommodating addresses to the data 
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iiz:T[:tz:^ i:r s deiay priority — - -** « 
::^:in g r ransf a chosen data ^ ** «- 

9. A device according to one of claims 7 - a, characterised by 
queue arranging means, which are arranged to store, for arrived 
data packets, which are stored in the buffer, the addresses to 
these data packets in corresponding memory means associated with 
the delay priority class, to which each data packet belongs, and 
for further placing the addresses to stored data packets 
belonging to a delay priority class in a definite order in the 
memory means associated with this delay priority class. 

10. A device according to claim 9, characterised in that the 
gueue arranging means are provided, in the placing of addresses, 
to use a sequential order, which corresponds to the time order 
xn whxch the data packets having these addresses have arrived 
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